Abstract-A new ring-based time-shared passive optical network (PON), with a self-healing function to prevent the occurrence of fiber-fault, has been proposed and investigated experimentally. By using the new optical line termination and single fiber path architecture, the proposed self-healing ring topology PON can be revived promptly under single fiber failure. The system performances of the proposed access network are also measured and discussed.
I. INTRODUCTION
F IBER-TO-THE-(FTTx) deployments have taken precedent with several field trials and deployments implemented in different parts of the world in the last few years. It means that optical fiber access networks would provide the broadband bandwidth for both downstream and upstream traffic. Therefore, the time-division-multiplexing passive optical network (TDM-PON) is one of the choices for next-generation FTTx. Recently, TDM-PONs have been thoroughly explored and standardized and they are the first point-to-multipoint solutions moving into the filed. Some commercial products in the PON standards already exist [1] - [3] . In general, the architecture of PONs have three basic topologies, which are the bus-, tree-and ring-structure, respectively. The point-to-multipoint connectivity between the optical line termination (OLT) and multiple optical network units (ONUs) is obtained using a passive branching device at the remote node. The traffic link from an OLT to an ONU is called "downstream" (point-to-multipoint) and traffic from an ONU to the OLT is called "upstream" (multipoint-to-point). Typically, a 1310-nm wavelength for the upstream transmission and 1490-nm wavelength for the downstream transmission are used in PONs. When a fiber link from the OLT to the ONU is broken, the affected ONUs will become unreachable to OLT. Therefore, some fiber protection methods in PONs have been implemented [4] , [5] . However, there has not been much discussion of the protection techniques in the ring topology PONs [5] . In this letter, we propose and demonstrate a novel self-protecting architecture for a ring-based PON to prevent fiber failure in single-path. Moreover, the data traffic performances have also been measured and discussed in this ring-based access network.
II. PROPOSED ARCHITECTURE
When a conventional ring-based PON system has ONUs and a fiber fault occurs between ONU and ONU , the downstream signals will be unreachable behind the fault point. That is to say, the OLT cannot link the upstream signals from ONU to ONU . At this time, the PON system must have the self-healing function for data traffic to overcome the fiber fault problem. To achieve desired network survivability, the different protection schemes are recommended. The post protection method with double transceivers [or called line termination (LT)] at both ends and two individual fiber paths for the ring-based and tree-based TDM-PONs have also been reported [2] , [4] . Furthermore, the two paths will increase the cost of building fiber and also need to add the other passive components. An additional transceiver in OLT and ONU also increases the cost in PONs [2] , [5] . To improve these drawbacks as mentioned before, we propose and investigate a new ring-based PON with self-healing function only by one fiber path, as shown in Fig. 1 . Moreover, we assume the proposed self-healing architecture system having four ONUs for data traffic, as shown in Fig. 1 . The downstream signal of OLT is transmitted through the path "a" (clockwise) in Fig. 1 without any fiber failure (in normal state). As illustrated in Fig. 2 , the OLT can determine two different transmission paths for data traffic by the proposed combiner integrating in OLT. The proposed combiner consists of two 1 2 optical couplers (CPRs) and a 1 2 optical switch (OS). The switching direction of OS can be controlled by the media access control (MAC) without an additional control system. In the normal state, the OS is placed at "1" point for the downstream traffic through the "a" fiber path, as shown in the left side of Fig. 2 . Moreover, Fig. 3 presents the proposed ONU with bidirectional function to access the downstream and upstream links. The physical layer of each ONU is constructed by a 2 2 CPR and two LTs. The upstream traffic will be transmitted from the LT(1) through path "a" (counterclockwise) without any fiber failure. LT(0) of ONU is prepared against the fiber failure. In Fig. 1 , when a fiber fault occurs between ONU and ONU , then the data traffic of ONU and ONU cannot link with the OLT. At this time, the two unreachable ONUs will start driving the LT(0)s to reconnect the data links simultaneously in Fig. 3 . And the OLT will switch the direction of OS to the "2" point by MAC, as seen in the right side of Fig. 2 . Then, the downstream signal will be separated to pass through the "a" (clockwise) and "b" paths (counterclockwise) simultaneously for data traffic. As a result, the data links from OLT to ONU and ONU are routed through the "a" path (counterclockwise), and the ONU and ONU are routed through the "b" path (clockwise), as illustrated in Fig. 4 . When the fiber failure is restored, then the operation mechanism of the PON system will be restored. Besides, before the transmission failure (normal state), this downstream signal was passed through the "a" path. However, in case of fiber cut, it is no longer possible to receive the upstream signals behind the fault point. Thus, this downstream signal is split and transmitted through the "a" and "b" paths by switching the direction of OS to "2" point, simultaneously. This restorable time is achieved within 7 ms in the proposed access network, as shown in Fig. 5 .
III. EXPERIMENTS AND RESULTS
To estimate the system performance of the proposed self-protecting ring-based PON, an experiment is performed. The experiment is setup in Fig. 1 . A transmission distance between the OLT and ONU is 20 km long through the path "a". The 1490-nm downstream and 1310-nm upstream signals have 1.25-Gb/s direct modulation. In addition, in regard to system power budget, 1490-and 1310-nm signals will traverse an OS ( 1 dB), five CPRs ( 16 dB), and about 20-km single-mode fiber (4 dB); thus, the loss budget is about 20 dB. This scalability of the proposed ring network is nearly 26 dB. The bit-error-rate (BER) performance is measured by a 1.25-Gb/s nonreturn-to-zero pseudorandom binary sequence with a pattern length of for the downstream and upstream traffic between the OLT and ONU through "a" (without protection) and "b" (with protection, fault between ONU and ONU ) paths. In the measurement system, the output power of 1490-and 1310-nm transmitters is 2 and 2.5 dBm, respectively. Fig. 6(a) and (b) shows the measured downstream and upstream BERs in the self-protected ring-based PON against the received power through "a" and "b" paths between OLT and ONU . The observed optical power penalties are smaller than 0.2 dB in Fig. 6 while the BER is . Simultaneously, to evaluate the feasibility of the proposed architecture, we also measure the throughput performance of the 1.25-Gb/s downstream and upstream traffic by directly connecting a performance analyzer with a frame length of 1518 byte. The throughput performance of downstream and upstream traffic is 98.59% and 99.28% in the proposed access network, respectively.
IV. CONCLUSION
We have proposed and investigated a new ring-based time-shared PON with self-healing function to prevent the fiber-fault occurring. By using the new optical line terminal (OLT) and single fiber path architecture, the proposed self-healing ring topology PON can be revived promptly under single fiber failure. The access system performances are also measured and discussed in the proposed architecture.
